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Abstract 
Electrical discharge machining (EDM) is material removal process by a series of rapid recurring electrical discharges 
between the cutting tool (electrode) and the work piece in the presence of dielectric fluid. The process benefits Malaysian 
mould and die industries especially in making electrical, automotive and household products. Visits were conducted to a 
few EDM industries in Klang Valley in identifying the industrial practices. Hydrocarbon based dielectric usually kerosene is 
widely used by the Malaysian industries. The paper highlights on findings obtained from industrial interviews: machine 
used and products made, types of electrode materials, machining technique, usage of dielectric and measuring quality of 
machined products. Calculation on the usage of kerosene and related cost at a company is presented. Estimation of kerosene 
as waste is provided. Suggestions on alternative machining method such as machining with distilled water or dry EDM are 
given. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Centre of 
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1. Introduction 
Electrical Discharge Machining (EDM) process involved removal of material by erosion. Series of persistent electrical 
discharges emerge between the tool and the work piece in dielectric fluid and remove the unwanted material. Metal erosion 
by spark discharges was first observed by Sir Joseph Priestly as early as 1768 [1]. In 1943 two Russians B.R. and N.I 
Lazarenko discovered that precision machining can be achieved by EDM [2]. Since then, exploration were done globally 
and locally to expand EDM potentials [3]. It is an alternative machining method which is not defeated by the mechanical 
strength of materials. With the emerging of harder, tougher and stronger materials in manufacturing together with the needs 
of ultra-precision machining, EDM has been one of the important methods in machining. 
Basic EDM process consists of electrode, work piece materials, dielectric and the range of pulse rate, current and 
voltage. The functions of the dielectric are: transportation of removal particles, to increase the energy density in plasma 
channel, recondition of the dielectric strength and cooling of the electrode [4]. Dielectric fluid is pumped through the arc 
gap to flush away the eroded particles between the work piece and the electrode. Most common dielectric fluids are mineral 
oil, kerosene, paraffin, distilled water and deionised water. Recent trends involve the use of clear and low viscosity fluids to 
make cleaning easier [5]. After cycles of usage, dielectric performance will reduce and must be replaced. Hence this 
situation draws interest in investigating the consumption of dielectric in EDM process. 
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This paper revealed EDM practices in Malaysian industries especially in Klang Valley. The information will then focus 
on dielectric as waste of EDM process. An industry was selected to conduct case study and total dielectric consumption is 
estimated. Different machining techniques are then recommended to reduce waste and to protect the environment. 
2. Methods 
2.1. Development of questionnaire 
The questionnaire were formulated from techniques and problems collected through literature review. The questions 
were divided into seven (7) different. Generally the questions are based on types of machine used and products made, types 
of electrode, machining techniques, dielectric used, quality of products and problems faced by industries.  
2.2.  Industrial survey 
Survey has been conducted in Klang Valley to get the scenario of EDM techniques in Malaysian industries. The 
companies visited were contacted through professional contacts and also from information provided by the Federation of 
Malaysian Manufacturer (FMM) [6]. The survey was done through interviews with the employees who are in charge of 
EDM machines. 
2.3. Issue 
From the findings, area to be concerned was identified viz. dielectric consumption as waste of the process. Approach is 
then made to an industry and data on total dielectric utilized per year were analyzed.  Total waste were estimated and 
alternatives machining method is suggested.  
3. Findings from Survey 
3.1. EDM machine and products made 
The models of EDM machines used vary from one company to another. Computer Numerical Control (CNC)-EDM 
machine were exploited by many of the industries. Nevertheless there are some industries which still use the manual 
machine. CNC-EDM is preferred by many industries since problems related with changing tools can be reduced. Most of 
the products produced are moulds and dies for injection moulding, metal stamping, electrical and electronic industries. 
Some of the companies produce finish parts for automotive, defence, telecommunication industries.  
3.2. Electrode  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Selection of electrode materials 
Almost all of the industries use copper (Cu) electrode to machine their product for rough and finish machining. One of 
the industries claimed that the material is easy to get since it is commonly used by industries, cheaper and produces good 
surface finish. Cu is a stable material under sparking conditions [1] and having excellent electrical and thermal conductivity 
[7]. Good to be selected as electrode materials because it gives good surface finish, low diameteral overcut, high material 
removal rate (MRR) and less electrode wear when machining hardened tool steel material [8]. Some industry claimed that 
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Cu has longer life but expensive compared to graphite. Even though various techniques are discovered by researchers in 
producing EDM electrodes through casting and rapid tooling, the industries prefer to make their electrode by machining. 
Types of electrode used by industries can be observed in Figure 1.  
3.3. Machining technique 
Several techniques are applied by the industries to prevent the wear of electrode. Selection of electrode material is 
important to be considered to prevent excessive tool wear. Most industries choose to reduce tool wear by optimising the 
current supply [9] and flushing pressure. To reduce machining time, industries use traditional machining such as milling for 
rough machining and followed by the EDM for finishing process. One of the industries implements the technique of using 
additives in dielectric in order to increase the MRR, to decrease Tool Wear Ratio (TWR) and to improve Surface Finish 
(SF) as proven by researchers [10, 11, 13]. Surface finishing techniques such as polishing and chroming was applied by 
some of the industries in order to get better SF for the final products. 
3.4. Dielectric  
The dielectric is used to transport the removed particles, to increase the energy density in plasma channel, to recondition 
of the dielectric strength, to remain electrically non-conducting until the breakdown voltage is reached and to cool the 
electrode [14]. Petroleum-based hydrocarbon and deionised water are the two most commonly used dielectrics. Some 
industries used commercial brand refined petroleum such as HONELO 420, CASTROL, Petro-Canada, Fusch and SE180: 
in which benefits such as better surface finish and prevention from bad smell and skin irritation can be achieved. However, 
many of the industries use kerosene even though they claimed that kerosene is smelly and smoke is produced during the 
machining. It is also having the tendency to create carbon dispersion. None of the industries employed deionised water. 
3.5. Quality of products  
Dimension, surface finish and machining time are the important factors evaluated by industries. Surface finish is 
measured using standard template as in Figure 2 to compare the SF based on customer needs. Template coding will be the 
guidance to select the electrical parameters. To verify the machined surface, observation is made via lens or microscope. 
Trial tests on the product performance are done in confirming the quality of the product.  
 
 
 
 
 
 
 
Fig. 2: Surface finish (SF) template 
4. Issue 
Sivapikarasam et al. [13] highlighted that process energy, exposure to aerosol and dielectric consumption are factors that 
influence the environmental aspect of green EDM. Dielectric consumption leads not only to environmental but also 
economical impact. Hence, further investigation on this matter is conducted. A case study was carried out at a company and 
yearly dielectric consumption is estimated. 
 
Company A has three (3) different sizes of EDM machine. Small machine for machining bearings, medium machine for 
air conditioning system parts for and large machine for high precision automation parts. However, data is only available for 
small EDM and for the medium and large EDMs, data are based on estimation.  The company operates 25days per month. 
For small EDM category, 160 litres of kerosene is consumed every year with the estimated cost of RM600. Table 1 shows 
details on machining hours and size of the dielectric tank.  
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  Table 1: Data from Company A 
 
Category 
 
Small 
 
Medium 
 
Large 
 
Size of dielectric tank (mm) 600 x 300 x 400 1000 x 600 x 500 2000 x 1000 x 800 
Product per day 3 2 1 
Machining hours 5-6 hrs per product (18 hrs daily) 
6-8 hrs per product 
(16 hrs daily) 
12-15 hrs per product 
(15 hrs daily) 
Dielectric  1 drum per year  (160 litres at 75% utilization capacity) 
4 drums per year 
(estimation at 75% utilization capacity) 
22 drums per year 
(estimation at 75% utilization capacity) 
  
Table 2 shows the estimation of dielectric consumptions and machining hours for each category of EDM.  Available 
machining hours is attained by assuming the machine is available for 24 hours per day and running 25 days per month 
throughout the year.  The machine utilization is obtained by comparing the machining hours against the available machining 
hours for each category; 75%, 67% and 63% for small, medium and large EDMs respectively. Dielectric consumption for 
medium and large EDM are calculated using equivalence method based on information from small EDM. Nearly 667 and 
3556 litres of dielectrics are predicted to be used by medium and large EDM per year. Sum of dielectric waste from 
Company A per year is around 4393 litres.  
 
  Table 2: Estimation on total dielectric consumption per year at Company A 
 
Category 
 
Small 
 
Medium 
 
Large 
 
Machining hours 5400 hrs per year (18 hrs x 25 days x 12 mths) 
4800 hrs per year 
(16 hrs x 25 days x 12 mths) 
4500 hrs per year 
(15 hrs x 25 days x 12 mths) 
Available machining hours  7200 hrs/year 7200 hrs/year 7200 hrs/year 
Machine utilization 75% 67% 63% 
Usage life (dielectric) 
Replaced after 75% utilization  
(which is equivalent to 1 year 
shelf life) 
If the 75% usage life is used as a 
reference point thus, medium EDM has 
approximately 1 year 1 month shelf life. 
If the 75% usage life is used as a reference 
point thus, large EDM has approximately    
1 year 2 months shelf life. 
Estimated cost per year RM 600 RM 2400 RM 13200 
Consumption of Dielectric 160 litres per year 667 litres 3556 litres 
 
Report written by R. P. Chilcott [19] revealed that toxicity occurs if kerosene is inhaled. Irritability, restlessness, ataxia, 
drowsiness, convulsions, coma and death can be the effects of acute and chronic exposure. Dermatitis or skin irritation is the 
frequent effect linked to persistent kerosene disclosure. Impact on biodiversity, socio-economic and psycho-health can be 
resulted due to improper management of kerosene waste [20]. 
5. Possible Solutions    
5.1. EDM with water 
F.N. Leao and I.R. Pashby [15] published a review paper on dielectric fluid which is safe for the environment. 
Deionized/distilled water is having the ability to be used as dielectric and can achieve higher MRR in several conditions 
even though hydrocarbon oil is proven to be more competent. Norliana Mohd Abbas et al. [11] revealed the advantages of 
machining with water. Information is presented in chronological order according to the year of published manuscript. Some 
of the benefits are 1) promote high MRR and low TWR, 2) harmless machining operations, 3) cost effective, 4) less micro 
cracks and 5) no crack breeding. 
5.2. Dry EDM 
Dry machining was introduced by M. Kunieda et al. [16] where by supplying gas into gap between the electrode and 
workpiece. It resulted to repeated rate of discharge happened thus enhance the MRR. MRR is six times greater and TWR 
only one-third than machining in oil [17]. Some other advantages are low residual stress and no need of working basin, fluid 
tank and fluid circulation system [18]. Development on dry EDM research can be obtained from Norliana Mohd Abbas et 
al. [11] where until 2005 hybrid activity viz. combination dry EDM with ultrasonic vibration has taken place.  
1688   Norliana Mohd Abbas et al. /  Procedia Engineering  41 ( 2012 )  1684 – 1688 
6. Conclusions 
This paper presents status of Malaysian industries related to EDM practice. Through interviews, information was able to 
be collected.  Dielectric which turns into waste after certain cycles is found to be the prominent crisis and contributes not 
only to environment but also economic impact. Sample data obtained from one company put forward as an initial study for 
the researcher to estimate the total waste that could occur from the EDM activities. Research finding (Table 2) shows that, 
an estimated amount of 4393 litres of dielectric will be disposed by an average EDM manufacturer in Malaysia. If the data 
is multiply by numbers of the same manufacturing discipline, this figure will be compounded to the very alarming pollution 
condition.  Hence, this can be used as an indicator for the EDM’s manufacturer to seek for more environmental friendly 
dielectric.  Other alternative methods to be considered are EDM with water and dry EDM. 
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